Abstract: The global expansion of Zika virus (ZIKAV) is of great concern to
I. Introduction
Zika (ZIKAV), dengue, and chikungunya viruses are spreading rapidly to new geographic areas on a global scale. Several medically important mosquito species are invading new geographic regions by exploiting niches that are similar to their natural home ranges and new haplotypes are being introduced into resident mosquito populations. Also of concern, is the lack of knowledge concerning arboviruses and mosquito prevention and control for invasive species.About 30 years ago, ZIKAV was circulating in SE Asia, and isolates of the virus were made from the Aedes aegypti mosquito in Malaysia. However, in a recent survey, a large proportion of respondents did not consider Malaysia at risk of ZIKAV and there was a lack of knowledge of how the virus is spread and what measures can be taken to prevent transmission (Khan et al. 2016 ).The principle factor responsible for the introduction of disease vectors into new geographic areas is by transport into air and maritime ports (Tatem et al. 2006 ). These invasive mosquitoes, and the pathogens they carry, may pose significant medical and veterinary health risks to naïve populations. BothAe aegyptiand Ae albopictus have been recorded in the Kuala Lumpur area (Roslan et al. 2013) . Unfortunately insecticide resistance is also common in these two mosquito species in Malaysia, depending on the geographic population (Ishak et al. 2013) .A container ship from the ZIKAV endemic ports in Brazil takes approximately 45 days at sea to reach Malaysia (Ports.com, 2016) . Therefore, the possibility of introducing an infected haplotype of Ae aegypti or Ae albopictus exists. Because of the import role maritime ports often play in the invasion of medically important mosquito species, the Klang Port, located on the west coast,was evaluated for susceptibility of invasion by ZIKAV. In addition integrated mosquito management (IMM) zones and surveillance sites were identified to assist medical and public health officials in mitigating risk of ZIKAV. Systems. In addition to applications for biological weapons defense, BioTEMS has been used for infectious disease modeling and planning. The BioTEMS TIGER model was developed to assist in identifying areas at highest risk for invasive mosquito species, associated pathogens and to optimize surveillance and control efforts ).
II. Materials and Methods

ArcGIS
Within the BioTEMS TIGER model; Transport-identifies the point of origin, method and rate of transport to a locality, Introduction-area of initial introduction/invasion and preliminary spread of species or immigrant haplotypes into a locality, Gap-determines the area where vector/pathogen initially spreads once it has gained a foothold, Escalade-incorporates abiotic and biotic resistance to invasion, and Residence and recruitmentincorporates factors and areas where vector/associated pathogens add to genetic diversity or become endemic and recruits con-specifics. The BioTEMS model has been used to identify areas at risk for ZIKAV and identify areas for integrated mosquito management in maritime ports in Miami, Tampa, and Mayport Naval Port in Florida Kollars 2016, Kollars 2017 ). Areas at risk of Zika virus and IMM zones and surveillance sites were identified based on the BioTEMS TIGER model should Zika virus be introduced through the Klang Port. BioTEMS and ArcView were used to produce output into Google Earth.
III. Results and Discussion
The BioTEMS TIGER identified an index value of 100% for the Klang Port as suitable for the invasion and establishment of ZIKAV infected Aedes spp. and haplotypes. The area of risk for Introduction/Invasion by ZIKAV infected Aedesspeciesand haplotypes is approximately 85 km 2 in area ( Figure 1 ). This area stretches eastward from the Klang Port to SalatKlang Highway. Public health officials can use the output to implement mosquito control, reduce breeding habitats, and conduct epidemiologic surveillance of arbovirus infection in mosquitoes and humans. The Gap Infiltration Zone is contained in an area approximately 220 km 2 . Mosquito surveillance and arbovirus epidemiologic surveillance of mosquitoes and humans should be conducted in the Gap Infiltration Zone. Should ZIKAV be detected in the Introduction/Invasion Zone, mosquito control using pesticides and other IMM measures should immediately be conducted in the Gap Zone.Recommended surveillance sites were identified throughout the area to assist in surveillance. BioTEMS predicted that if ZIKAV was imported through the Klang Port, it could spread through the mosquito population, endangering the human population and increasing the probability of ZIKAV becoming established. The output from the BioTEMS TIGER model can be used to open the door to a discussion and to educate the public on ZIKAV prevention and control. Interventions should be customized to improve the knowledge and attitudes of the public towards ZIKAV prevention and control (Khan et al. 2016) . The presence of possible vectors of ZIKAV varies geographically in Malaysia affecting the IMM plan. The public also must be made aware of the vector species so they may take the best methods to protect themselves and their families. For example, in some areas of nearby Kuala Lumpur, Ae albopictus appears to be the primary vector of dengue virus and not Ae aegypti, the normal suspect (Wan-Norafikah et al. 2009). Therefore, arbovirus surveillance and control should include both Ae aegypti and Ae albopictus within the IMM plan.
Another critical factor in IMM and control of Aedesmosquitoes is choosing the proper pesticide and optimally applying the pesticide to maximize effect. Investigating the periods of activity and distribution of local Aedesmosquito populations is necessary if control is to be obtained. Relying solely on aerial spray of naled from aircraft to control adult Aedesmosquitoes may meet with failure, in addition naled is only effective for a few hours in areas that have much cover. Populations may rebound in a week or soafter using Naled (Sutherland et al. 1978 ; Howard and Oliver, 1997). Other pesticides, such as malathion, can be used, however pesticide resistance must be monitored. Using backpack sprayers and truck mounted application of pesticides, in addition to aerial spraying from aircraft, should be a part of the IMM strategy for controlling adult Aedes mosquitoes. For larval control, Bacillus thuringiensis israelensis (Bti) can be used to reduce Aedesmosquito populations, being applied by air craft, back pack sprayers, ULV truck mounted spraying, and by hand placement of granules or briquettes. In addition to Bti, insect growth regulators (IGR) such as methoprene can be utilized in sprays.
Entobac pesticide, with Bti as its active ingredient, has been used for the first time within a bait and used in spray or ProVector®applicators to kill both adult and larvae mosquitoes. The ProVector applicators with Entobac™ are placed inports, hotels, houses and mosquito breeding sites to control both adult and larval populations ). This is the first Bti based pesticide found to be effective in the field against both adult and larval mosquitoes (Yalwala et al. 2016 (Rohani et al. 2014) . The establishment of ZIKAV into new geographic areas could be facilitated if ZIKAV is transovarially or sexually transmitted by Aedes vectors; additional research in intraspecies transmission is needed. Identifying areas susceptible to introduction and invasion of infected mosquitoes and humans is critical in preventing the re-establishment of ZIKAV in Malaysia. Application of the correct pesticides, at alternating schedules with targeting the different mosquito stages, is essential to mitigate resistance issues and/or environmental contamination. Focusing control efforts primarily on travelers and not including ports of entry may do a disservice to the population to whom public health officials are protect. Medical personnel and public health officials should maintain arboviral and vector surveillance and consider increasing IMM around sea ports in Malaysia. Integrated mosquito management plans should be put into place before ZIKAV arrives ashore through infected mosquitoes or infected humans. Sam et al. (2016) posed a challenge for medical and public health professionals in Malaysia that is applicable worldwide, stating, "Innovative new methods for surveillance and control of vectors are needed to target mosquito-borne diseases as a whole."The recent application of BioTEMS beyond biological weapons of mass destruction defense to planning mitigation of ZIKAV and other infectious diseases, can assist public health officials in Malaysia and other countries susceptible to ZIKAV and other vector-borne diseases. 
